he global water shortage is not new, and it is increasing every year. According to the United Nations, 1.8 billion people will be living in countries or regions with absolute water scarcity by the year 2025, and in 2030, nearly half of the world's population will live in areas of water stress. Worldwide, survival often depends on the proximity and accessibility of fresh water. Only a small fraction (less than 1%) of fresh water is accessible. The rest remains trapped in frozen environments, such as glaciers and ice caps, or suspended in the atmosphere. Therefore, it has been a priority to search for new supply systems to provide the water needed for arid or relatively dry sites, which are traditionally isolated from central water supplies. Among the systems proposed to address this shortage, fog catchers can provide a relatively accessible water supply in elevated zones, where a high proportion of this natural resource may be collected (Hering et al., 1987; Schemenauer and Cereceda, 1991; Fuzzi et al., 1997; Regalado and Ritter, 2016) . A fog catcher can economically extract water that can be used by the surrounding villages (Pajares et al., 2011; WMO, 2011) . This technique has been applied successfully in a variety of dry or arid regions in Guatemala (Frigerio, 1990) , Chile (Schemenauer and Cereceda, 1992; Suau, 2010) , Peru (Pinche and Ruiz, 1996; Williams, 2015) , Panama (Cavelier et al., 1996) , Puerto Rico (Schellekens et al., 1998) , South Africa (Olivier, 2002) , Namibia (Shanyengana et al., 2002) , Spain (Jaen, 2002; Ritter et al., 2008 ), Iran (Mousavi-baygi, 2008 , and Saudi Arabia (Cereceda et al., 2014) , among several others.
The Andean communities of Ecuador suffer water stress because they are located above 3500 m a.s.l., where there is a water deficit. Nonetheless, this region appears to have enough water due to the fog conditions (Palmira, 2015) . While these communities depend on agriculture and livestock production, their production methods lack technological support as well as soil and water conservation programs, resulting in low productivity and precarious living conditions. To improve these conditions, it is necessary to improve the water supply, which will result in higher agricultural production and better living conditions. Therefore, this study aims to implement a new fog catcher system in the communities of Yaguachi and Galte ( fig. 1 ), which are located in Palmira Parish in Chimborazo Province, which is part of the Ecuadoran Andes, where water deficit is a daily problem. This study first determined the demand for irrigation water, especially for maize, which is the main component of the local diet but also has high water requirements. Furthermore, we generated weather data to calculate the ability of a fog catcher to trap condensation from the atmosphere. Additionally, we determined the precipitation, evaporation, and evapotranspiration in the area, which yield better understanding of the water lost by these factors, and conducted surveys to determine the amount of water required by the local communities and their crops. The location and installation of a fog catcher is shown in figure 3 .
MATERIALS AND METHODS

DATA GENERATION
The weather parameters needed to determine the existing water shortages in the area, as well as for the design of the fog catcher system, included precipitation, temperature, sunshine hours, relative humidity, and wind speed. These parameters were measured with two weather stations. Because there was no altitude difference between the two weather stations, there was also no climatic difference between them. Because the fog catchers use the same design and methodology, they demonstrated a high correlation between the weather stations (Schemenauer et al., 2005; Carrera-Villacrés et al., 2016) . Meteorological data, including precipitation, sunshine hours, temperature, wind speed, and relative humidity, were also obtained from the National Institute of Meteorology and Hydrology (INAMHI) of Ecuador ( fig. 2) .
To determine the water deficit and evaporation, monthly precipitation data, measured over ten years, were used in applying the Wilson nomogram (Wilson, 1974; Aparicio, 2012) . Evapotranspiration, which is a key factor in the design of irrigation systems, was estimated using the Thornthwaite and Blaney-Criddle methods (Thornthwaite, 1948; Blaney and Criddle, 1950) . A continuous data set was generated for the study years of 2014 and 2015. The climate data were subsequently homogenized and validated to determine their reliability, as well as the relationships between the meteorological variables (Carrera-Villacrés et al., 2016) . Finally, the water collection was monitored from November 2014 through March 2015, as this period represents the rainy season in the study area.
COMMUNITY SURVEY
A survey was administered to the community, based on FogQuest (2005), that contained basic questions about the number of people living in the community, the animals they own, the types of crops they grow, and the crop land area. This survey had three major sections. The first section focused on socioeconomic information, including family size, age, education level, economic activities, and sources of income. The second section determined the main source of water, such private or state managed, among other water-related questions. Finally, the third section determined the agricultural and animal production, crop yields, and water needs for production activities. The collected information helped us determine the water required for people, animals, and crops in the community and allowed us to calculate the required size of the fog catcher system.
CAPACITY OF FOG CATCHER SYSTEM
The location of the fog catcher system was established according to the capacity of the water container, which in this case was 250 L. We estimated that the container needed to be filled daily. This allowed us to calculate the number of fog catchers needed in the study area. 
RESULTS AND DISCUSSION
DATA GENERATION
The weather information, with the previously described parameters, spanned a period of about ten years. However, incomplete information has been a general problem, and lack of data for some years is part of this unfortunate fact. For this study, it was necessary to apply methods that compensate for missing data. These methods were the correlation-regression method and the random sample method (Otero, 2011; Carrera-Villacrés et al., 2016) . The incomplete rainfall information was filled in with interpolation of existing data, as illustrated in table 1.
Data homogenization was performed to estimate the precipitation, evaporation, and evapotranspiration in the study area. Figure 4 compares the curves for these parameters with the results of the Blaney-Criddle method, which is based on the cropping season, e.g., the maize season starts in September and ends in May of the following year (Blaney and Criddle, 1950). Precipitation in the area is lower than evapotranspiration and evaporation and therefore does not satisfy the water demand for maize ( fig. 4) . Therefore, the installation of fog catchers was justified to meet the water needs of the community.
CATCHER PROTOTYPES IN 2014 AND 2015
The locations of the prototype fog catchers installed in 2014 are shown in figure 5 . Several of these fog catchers needed to be relocated in 2015 due to wind damage. The fog catchers stood 2 m high and were vulnerable to strong winds. The relocations were also necessary to provide better positions for fog catching. The new locations are also shown in figure 5 .
The 2015 prototypes were placed at a height not exceeding 1.5 m for better stability ( fig. 3 ). These fog catchers each collected 1 to 4 L of water per day. The performance of the 2014 prototypes is shown in table 2. These fog catchers were tested from November 2014 to March 2015, and the test results caused us to relocate prototypes P1 and P2 because they did not work properly. The relocation of these prototypes allowed us to collect more water, as shown in table 3.
COMMUNITY SURVEY
The survey administered to the community allowed us to determine the water needed for agricultural production throughout the year. It also provided the information needed to determine the size of the fog catcher system required to meet the water needs of the community. Most of the families grow maize and potatoes and, to a lesser extent, barley, rye, oats, wheat, onions, broad beans, and quinoa. They also raise small animals, such as chickens, pigs, sheep, and guinea pigs, as well as large animals, including milk cows, horses, and donkeys. This livestock serves either as working animals or for the purpose of sustenance.
Because most of the families in the community grow maize and potatoes, we estimated the water requirements of these two crops, as shown in table 4. Potatoes can be grown through the rainy and dry seasons. Maize can be grown only in the rainy season. In addition, maize has the highest water requirement of all crops grown in the region. Therefore, meeting the water requirement for maize would also meet the water requirement for any other crop.
DESIGN OF FOG CATCHER SYSTEM
The design of the fog catcher system was based on the amount of water needed for crop production, as determined by the Blaney-Criddle method (Blaney and Criddle, 1950) . The water volume from effective rainfall in the area was used to calculate the extraction of stored water for irrigation, leading to the additional amount of water required for maize (Aguilera and Martinez, 1996) . The volume of water collected daily by each of the prototype fog catchers was about 38.14 L, or an average of 5.45 L of water collected daily per m 2 of catcher area. The first two columns in table 5 list the amount of water needed to meet the crop demand as a percentage and in liters, while the third column lists the catcher area needed to collect the required amount of water. With these data, the size and number of fog catchers to place in the study area was determined. These data also allowed us to design extended fog catchers, as figure 6 . To function optimally, the wind direction had to be taken into account, as each fog catcher must be perpendicular to the predominant wind direction. The installation of the fog catchers created obvious visual pollution and may cause even an imbalance in the ecosystem. Therefore, we have most recently installed a 3D fog collector, named Urku Yaku, that is constructed with local material, including giant reeds.
CONCLUSION
Due to the lack of a regular water supply and water deficits in the Andean region of Ecuador, the installation of the fog catcher system has enjoyed a great reception from the local communities. The prototype fog catchers have obtained promising results, including daily water collection of 5 to 10 L for each fog catcher, and about 20 L per day during the rainy season. Therefore, the fog catcher system is clearly beneficial for the local communities.
In the future, the fog catcher system will supply 1% to 5% of the water demand, enough to meet the water needs for maize. This will help communities with inefficient irrigation systems and in areas with very low precipitation. The system will also compensate for water shortages. However, the fog catcher system will probably not meet with the total water requirement of the study area, as the needed amounts of water are disproportionately high. 
